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WKH )H LQWR WKH VROXEOH QDQRSDUWLFXODWH DQG PLFURSDUWLFXODWH
IUDFWLRQV ZDV DVVHVVHG WR DVVXUH WKDW PRVW RI WKH )H LH
!ZDVSUHVHQWLQWKHQDQRSDUWLFXODWHIUDFWLRQDQGKDGQRW
DJJORPHUDWHGDJJUHJDWHG '/6 PHDVXUHPHQWV ZHUH DOVR
WDNHQRIWKHQDQRSDUWLFXODWHIUDFWLRQWRDVVXUHDPRQRGLVSHUVH
GLVWULEXWLRQ RI WKH LQWHQGHG VL]H LH aQP 'HWDLOHG
PHWKRGRORJ\LVVKRZQLQ0HWKRGV6
,URQXSWDNHLQXQGLIIHUHQWLDWHG&DFRFHOOV
+XPDQ DGHQRFDUFLQRPD &DFR FHOOV ZHUH REWDLQHG IURP
$7&& /*& VWDQGDUGV 0LGGOHVH[ 8QLWHG .LQJGRP &HOOV
ZHUH VHHGHG DW  [  FHOOVP/ RQWR ZHOO FHOO FXOWXUH
SODWHV3ODWHVZHUHFHQWULIXJHGDW[J IRUPLQ WR UHPRYH
WKH JURZWK PHGLXP 7KH GLIIHUHQW )H SUHSDUDWLRQV LQ XSWDNH
PHGLXPZHUHFDUHIXOO\DGGHGWRWKHFHOOVDQGLQFXEDWHGIRUK
DW&8SWDNHPHGLXPZLWKQRVXSSOHPHQWHG)HZDVDOVR
LQFXEDWHGZLWKFHOOVDVDFRQWURO(DFKFRQGLWLRQZDVWHVWHGLQ
'LHWDU\,URQ,,,8SWDNH,QYRNHV(QGRF\WRVLV
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WULSOLFDWH ZHOOV IRU HDFK H[SHULPHQW $IWHU WKH )H LQFXEDWLRQ
SHULRGWKHXSWDNHPHGLXPZDVUHPRYHGE\FHQWULIXJDWLRQDQG
DVSLUDWLRQDQGWKHFHOOVZHUHZDVKHGZLWKSKRVSKDWHEXIIHUHG
VDOLQH 3%6('7$  P0 WR UHPRYH DQ\ ORRVHO\ ERXQG )H
7KH FHOOV ZHUH WKHQ UHVXVSHQGHG LQ IUHVK 0(0 ZLWK QR
VXSSOHPHQWDO )H DQG UHWXUQHG WR WKH LQFXEDWRU IRU DQ
DGGLWLRQDOK WRDOORZIRU IHUULWLQSURWHLQ IRUPDWLRQ WRSODWHDX
>@$WWKHHQGRIWKHLQFXEDWLRQSHULRGWKHFHOOVZHUHZDVKHG
ZLWK 'XOEHFFR
V 3KRVSKDWH%XIIHUHG 6DOLQH '3%6 3$$
/DERUDWRULHV DQG O\VHG ZLWK 0DPPDOLDQ 3URWHLQ ([WUDFWLRQ
5HDJHQW03(57KHUPR)LVKHU6FLHQWLILF&UDPOLQJWRQ8.
$IWHU O\VLV FHOO GHEULV ZDV UHPRYHG E\ FHQWULIXJDWLRQ  PLQ
[JDQGWKHVXSHUQDWDQWXVHGIRUDQDO\VLV
,URQXSWDNHLQGLIIHUHQWLDWHG&DFRFHOOV
&HOOV&DFR$7&&DVDERYHZHUHVHHGHGDWFD[
FHOOVP/RQWRZHOOFHOOFXOWXUHSODWHV7KH&DFRFHOOVZHUH
PDLQWDLQHGXQGHU WKHFXOWXUHFRQGLWLRQVGHVFULEHG LQ0HWKRGV
6DQGXVHG IRU WKH)HXSWDNHH[SHULPHQWVDWRUGD\V
SRVWVHHGLQJ &HOO GLIIHUHQWLDWLRQ DQG IRUPDWLRQ RI D FHOO
PRQROD\HU ZHUH FRQILUPHG IRU WKLV WLPHSRLQW DV GHVFULEHG LQ
0HWKRGV6$SSUR[LPDWHO\KSULRU WR WKHH[SHULPHQWV WKH
JURZWKPHGLXPZDVUHSODFHGE\QRQVXSSOHPHQWHG0(0 LH
ZLWKRXW )%6 RU DQWLELRWLFV DQG FHOOV ZHUH UHWXUQHG WR WKH
LQFXEDWRU7KLVZDVFDUULHGRXWWRµVWDUYH¶FHOOVRI)HSULRUWRWKH
H[SHULPHQWV DQG GLG QRW LQGXFH DQ\ FKDQJHV LQ WKH FHOO
PRQROD\HULQWHJULW\DVFRQILUPHGE\7((5PHDVXUHPHQWV7KH
&DFRFHOOPRQROD\HUZDVWKHQZDVKHGRQFHZLWKSUHZDUPHG
'3%6DQG LQFXEDWHGZLWK WKHGLIIHUHQW)HPDWHULDOVRUFRQWURO
XSWDNH PHGLXP IRU  K DW  & )RU HDFK H[SHULPHQW HYHU\
FRQGLWLRQZDV LQYHVWLJDWHG LQ WULSOLFDWHZHOOV)ROORZLQJ WKH)H
LQFXEDWLRQ SHULRG WKH XSWDNH PHGLXP ZDV UHPRYHG WKH FHOO
PRQROD\HUZDVZDVKHGWKUHHWLPHVZLWK3%6('7$P0WR
UHPRYH DQ\ )H ORRVHO\ DGKHUHQW WR WKH FHOO PHPEUDQH DQG
IUHVKQRQVXSSOHPHQWHG0(0ZDVDGGHG7KHFHOOVZHUHWKHQ
UHWXUQHG WR WKH LQFXEDWRU IRU DQ DGGLWLRQDO  K WR DOORZ IRU
IHUULWLQSURWHLQ IRUPDWLRQ >@ $W WKH HQG RI WKH LQFXEDWLRQ
SHULRG WKH FHOOV ZHUH ZDVKHG DQG O\VHG DV EHIRUH 7KH FHOO
O\VDWHVXSHUQDWDQWZDVXVHGIRUDQDO\VLV
7KH&DFRFHOOV UHTXLUHPHQWRIHQHUJ\ IRU)HXSWDNH IURP
)H,,, PDOWRO RU WKH QDQRSDUWLFXODWH /0 )H,,, SRO\ R[R
K\GUR[LGHZDVLQYHVWLJDWHGE\ORZWHPSHUDWXUHLQFXEDWLRQ7KH
FHOOVZHUH NHSWRQ LFH IRUPLQSULRU WR WKHH[SHULPHQWDQG
GXULQJ WKH  K LQFXEDWLRQ SHULRG ZLWK WKH WZR )H PDWHULDOV
VXVSHQGHG LQ XSWDNH PHGLXP 7KH FHOOV ZHUH WKHQ ZDVKHG 
WLPHV ZLWK LFHFROG 3%6('7$  P0 DQG IUHVK QRQ
VXSSOHPHQWHG0(0ZDVDGGHGDQGWKHFHOOVLQFXEDWHGIRUWKH
UHPDLQLQJKDW&DQGWUHDWHGDVDERYH
7RVWXG\WKHHIIHFWRIHQGRF\WRVLVUHODWHGSDWKZD\LQKLELWRUV
RQ )H XSWDNH IURP WKH GLIIHUHQW PDWHULDOV &DFR FHOOV ZHUH
FRLQFXEDWHG IRU  K DW  & ZLWK WKH )H PDWHULDOV LQ %66
VXSSOHPHQWHGZLWKWKHIROORZLQJLQKLELWRUVHDFKLQKLELWRUWHVWHG
LQ WULSOLFDWH ZHOOV FKORUSURPD]LQH  0 ILOLSLQ  PJ/
PHWK\OȕF\FORGH[WULQ  P0 $GGLWLRQDOO\ FHOOV ZHUH
LQFXEDWHGZLWK)HLQ.IUHH%66FRQVLVWLQJRIP01D&O
P00J62P0JOXFRVHDQGP0&D&O LQP03,3(6
EXIIHUS+)RUWKLVH[SHULPHQWDOFRQGLWLRQFHOOVZHUHSUH
LQFXEDWHG IRUPLQZLWKDPL[WXUHRI'XOEHFFR
V0RGLILHG
(DJOH 0HGLXP '0(0ZDWHU SULRU WR LQFXEDWLRQ LQ .IUHH
PHGLXP )RU WKH FHOOXODU O\VRVRPDO GLVVROXWLRQ H[SHULPHQWV
FHOOVZHUHFRLQFXEDWHGIRUKDW&ZLWKWKH)HPDWHULDOVLQ
%66VXSSOHPHQWHGZLWKPRQHQVLQ0$VEHIRUHIHUULWLQ
IRUPDWLRQ ZDV DVVHVVHG DW K IROORZLQJ WKH UHPRYDO RI WKH
LQKLELWRUVDQG)HPDWHULDOV&RQWUROVZHUHSHUIRUPHG IRUHDFK
LQKLELWRU E\ LQFXEDWLQJ WKH FHOOV ZLWK XSWDNH PHGLXP %66
VXSSOHPHQWHGZLWKWKHLQKLELWRUEXWQRWFRQWDLQLQJ)H
&KORUSURPD]LQH >@DQG. IUHH%66 >@ZHUHXVHG
WR LQKLELW FODWKULQPHGLDWHG XSWDNH )LOLSLQ >@ DQG PHWK\Oȕ
F\FORGH[WULQ >@ ZHUH XVHG WR LQKLELW FDYHROLQPHGLDWHG
XSWDNH 0RQHQVLQ ZDV XVHG WR LQKLELW DFLGLILFDWLRQ RI
HQGRVRPHVO\VRVRPHV>±@
$QDO\VLV
&HOO O\VDWH VXSHUQDWDQWV ZHUH DQDO\VHG IRU FHOOXODU IHUULWLQ
SURWHLQ FRQWHQW XVLQJ WKH FRPPHUFLDO HQ]\PHOLQNHG
LPPXQRVRUEHQW DVVD\ NLW ³6SHFWUR )HUULWLQ´ $7, $WODV
&KLFKHVWHU8.7KHXSWDNHGDWDZHUHQRUPDOL]HGWRWRWDOFHOO
SURWHLQ FRQWHQW GHWHUPLQHG ZLWK WKH QRQLQWHUIHULQJ SURWHLQ
DVVD\ 1,3$ &DOELRFKHP0HUFN 1RWWLQJKDP 8. 7((5
PHDVXUHPHQWV ZHUH FDUULHG RXW WR GHWHUPLQH LI WKH FKHPLFDO
LQKLELWRUVXVHGLQWKHXSWDNHVWXGLHVKDGDQHJDWLYHLPSDFWRQ
WKH LQWHJULW\ RI WKH FHOO PRQROD\HU DQ HDUO\ LQGLFDWLRQ RI
WR[LFLW\ DV GHWDLOHG LQ 0HWKRGV 6 (OHFWURQ PLFURVFRS\ ZDV
XVHGWRYLVXDOL]HQDQRSDUWLFXODWH)HXSWDNHE\WKH&DFRFHOOV
DVGHWDLOHGLQ0HWKRGV6
6WDWLVWLFDODQDO\VLV
$OOVWDWLVWLFDODQDO\VLVZDVSHUIRUPHGXVLQJ*UDSK3DG3ULVP
YHUVLRQ  IRU :LQGRZV *UDSK3DG 6RIWZDUH 6DQ 'LHJR
&DOLIRUQLD 86$ 8QOHVV VWDWHG RWKHUZLVH UHVXOWV DUH
SUHVHQWHG DV PHDQV ZLWK VWDQGDUG GHYLDWLRQV VG 7KH
XQSDLUHGWWHVWZDVXVHGWRVWDWLVWLFDOO\FRPSDUHIHUULWLQSURWHLQ
IRUPDWLRQ IRU WKHGLIIHUHQW)HFRPSRXQGV LQGLIIHUHQWLDWHGDQG
XQGLIIHUHQWLDWHG FHOOV DQG IHUULWLQSURWHLQ IRUPDWLRQ ZLWK DQG
ZLWKRXW FKHPLFDO LQKLELWRUV RI HQGRF\WRVLVUHODWHG SDWKZD\V
OHYHORIVLJQLILFDQFHVHWWRS7KHUHSHDWHGPHDVXUHV
ZD\ $129$ ZLWK 6LGDN FRUUHFWLRQ IRU PXOWLSOH FRPSDULVRQV
ZDVXVHGWRVWDWLVWLFDOO\FRPSDUH7((5DWGLIIHUHQWWLPHSRLQWV
5HJXODUZD\$129$QRPDWFKLQJZDVXVHGWRVWDWLVWLFDOO\
FRPSDUH IHUULWLQ IRUPDWLRQ IRU GLIIHUHQW PRQHQVLQ GRVHV
EHWZHHQ WKH QDQR )H DQG WKH VROXEOH )H PDWHULDOV )HUULWLQ
SURWHLQ FRQFHQWUDWLRQ LQ WKH SUHVHQFH RI PRQHQVLQ ZDV ILWWHG
ZLWK D QRQOLQHDU GRVHUHVSRQVH LQKLELWLRQ FXUYH LH
/RJLQKLELWRUYHUVXVUHVSRQVH
5HVXOWVDQG'LVFXVVLRQ
)RUPDWLRQDQGFHOOXODUXSWDNHRIOLJDQGPRGLILHG)H,,,
SRO\R[RK\GUR[LGHQDQRSDUWLFOHV
)LUVW DV D PLPHWLF RI JDVWURLQWHVWLQDO K\GURO\VLV FRQGLWLRQV
)H,,, FKORULGH ZDV GLVVROYHG DW S+  LQ D VROXWLRQ RI
UHOHYDQW ORZ PROHFXODU ZHLJKW OLJDQGV DQG JDVWULF SRUFLQH
PXFLQ DQG WKHQ DGMXVWHG WR S+  XVLQJ VRGLXP
ELFDUERQDWH ILQDO )H FRQFHQWUDWLRQ  P0 GHWDLOHG
PHWKRGRORJ\ LV DYDLODEOH LQ 0HWKRGV 6 $ GURS RI WKH
'LHWDU\,URQ,,,8SWDNH,QYRNHV(QGRF\WRVLV
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UHVXOWDQW µVROXWLRQ¶ FROORLGDOVXVSHQVLRQZDVSODFHGRQD WKLQ
DPRUSKRXVFDUERQILOPIRU7(0DQGLPDJHG$JJORPHUDWHVRI
ILQH a QP SRRUO\ FU\VWDOOLQH SDUWLFOHV LQ DQ DPRUSKRXV JHO
ZHUH QRWHG )LJXUH $ :KROH DUHD HQHUJ\ GLVSHUVLYH ;UD\
VSHFWURVFRS\(';VKRZHGWKHVHWREH)HFRQWDLQLQJ)LJXUH
%DQGHOHFWURQGLIIUDFWLRQQRWVKRZQLQGLFDWHGDPL[WXUHRI
WZR SKDVHV ± IHUULK\GULWHOLNH WZR EURDG GLIIUDFWLRQ ULQJV
FKDUDFWHULVWLF RI OLQH IHUULK\GULWH >@ DQG D VHFRQG SKDVH
ZKLFKZDVQRWXQLTXHO\LGHQWLILHGWZREURDGGLIIUDFWLRQULQJVDW
DQGQP8QGHUSURORQJHGH[SRVXUH WR WKHHOHFWURQ
EHDP WKH SDUWLFOHV DJJORPHUDWHG IXUWKHU GHYHORSHG LQ
FU\VWDOOLQLW\ DQG WKH GLIIUDFWLRQ SDWWHUQ EHFDPH GRPLQDWHG E\
WKLV VHFRQG SKDVH LW ZDV VWLOO QRW SRVVLEOH WR FRQILUP WKH
LGHQWLW\ RI WKLV DOWHUDWLRQ SURGXFW EXW DQ )H SKRVSKDWH
K\GUR[LGH SURYLGHV WKH FORVHVW PDWFK WR WKH REVHUYHG ODWWLFH
VSDFLQJV ,QWHUQDWLRQDO &HQWUH IRU 'LIIUDFWLRQ 'DWD SRZGHU
GLIIUDFWLRQ ILOH  ,UUDGLDWLRQ GDPDJH WR SRRUO\
FU\VWDOOLQH ILQH SDUWLFOHV VXFK DV IHUULK\GULWH >@ LV ZHOO
UHFRJQL]HG HVSHFLDOO\ LQ WKH DEVHQFH RI VXSSRUWLQJ UHVLQ RU
WLVVXH VWUXFWXUH VR ZH FRQVLGHUHG WKLV VHFRQG SKDVH WR EH
DUWLIDFWXDO +HQFH WKH ODUJHU SDUWLFOHV  QP REVHUYHG LQ
WKH HDUOLHU ZRUN RI 5XG]NL HW DO >@ DUH OLNHO\ DQ DUWLIDFW RI
EHDPGDPDJHEXWWKHVPDOOHUSDUWLFOHVDUHQRW0RUHRYHUWKH
K\GURO\VLV RI WKH )H,,, DQG WKH IRUPDWLRQ RI WKHVH ILQH
GLVSHUVH IHUULK\GULWHOLNH SDUWLFOHV ZDV QRW SUHYHQWHG E\ WKH
SUHVHQFH RI W\SLFDO JDVWURLQWHVWLQDO ORZPROHFXODU ZHLJKW
OLJDQGV $V D VLPSOLILHG DQG SUDFWLFDO DQDORJXH WR WKH DERYH
IHUULK\GULWHOLNH SDUWLFOHV ZH KDYH GHYHORSHG OLJDQGPRGLILHG
/0 )H,,, SRO\ R[RK\GUR[LGHV RI VLPLODU VL]H DQG VWUXFWXUH
>@ 7KLV OLJDQGPRGLILHG DQDORJXH UHPDLQV ZHOOGLVSHUVHG
XSRQ DTXHRXV VXVSHQVLRQ LQ WKH XSWDNH PHGLXP XVHG IRU
FHOOXODUH[SHULPHQWVEDODQFHGVDOWVROXWLRQ%66WDNLQJRQDQ
DYHUDJHK\GURG\QDPLFSDUWLFOHGLDPHWHURIQP)LJXUH&
+HUHIHUULWLQSURWHLQIRUPDWLRQRIHSLWKHOLDOFHOOFXOWXUHVDVD
PHDVXUHRIFHOOXODULURQXWLOLVDWLRQZDVDVVHVVHGIROORZLQJD
KWRWDOLQFXEDWLRQSHULRGWKDWLQYROYHGK)HH[SRVXUHRIFHOOV
LQ %66 IROORZHG E\ ZDVKLQJ FKDQJH RI PHGLXP DQG D  K
LQFXEDWLRQ LQ QRQVXSSOHPHQWHG PLQLPXP HVVHQWLDO PHGLXP
0(0 LH ZLWK YHU\ ORZ )H FRQWHQW :H XVHG VROXEOH )H
HLWKHU DV )H,,, PDOWRO >@ RU )H,, VXOSKDWHDVFRUEDWH DV
SRVLWLYHFRQWUROV >@ ,QLWLDOO\ZHXVHGERWKGLIIHUHQWLDWHGDQG
XQGLIIHUHQWLDWHG FHOOV DQG LURQ XWLOL]DWLRQ YDULHG JUHDWO\ IRU WKH
/0 )H,,, SRO\ R[RK\GUR[LGH VWUXFWXUHV XQGLIIHUHQWLDWHG !
GLIIHUHQWLDWHG S  EXW QRW DW DOO IRU WKH VROXEOH )H,,,
)LJXUH $ $ONDOLQH SKRVSKDWDVH OHYHOV ZHUH XVHG DV D
PDUNHUIRU&DFRFHOOGLIIHUHQWLDWLRQDQGWKHLQWHJULW\RIWKHFHOO
PRQROD\HU ZDV DVVXUHG SULRU WR WKH H[SHULPHQWV VHH )LJXUH
67KHVROLGSKDVHGLVWULEXWLRQ LH WKHSDUWLWLRQRI WKH)H LQ
WKH VROXEOH QDQRSDUWLFXODWH DTXDWHG RU PLFURSDUWLFXODWH
DJJORPHUDWHGIUDFWLRQVODUJHO\FRQILUPHGWKHQDQRSDUWLFXODWH
QDWXUHRIWKH/0)H,,,SRO\R[RK\GUR[LGHDQGWKHVROXELOLW\RI
WKH )H,,, PDOWRO DQG )H,, VXOSKDWHDVFRUEDWH )LJXUH %
&HOOXODU XSWDNH DQG XWLOL]DWLRQ RI WKH /0 )H,,, SRO\ R[R
K\GUR[LGH UHTXLUHG QDQR GLVSHUVLRQ EHFDXVH SXUSRVHIXO
DJJORPHUDWLRQWRPLFURSDUWLFOHVILUVWKRXULQ0(0UDWKHUWKDQ
LQ %66 OHDGLQJ WR    PLFURSDUWLFXODWH LURQ DW  PLQ
SUHYHQWHG LURQXWLOL]DWLRQ )LJXUH&:HFRQILUPHG WKDW%66
GLG QRW DIIHFW PRQROD\HU LQWHJULW\ IRU WKH GXUDWLRQ RI WKH
H[SRVXUH )LJXUH ' DOWKRXJK )H,, VXOSKDWHDVFRUEDWH GLG
>@VR IXUWKHUFHOOXODUZRUNXVHG)H,,,PDOWRODV WKHVROXEOH
FRQWURO
+HQFH WKH XSWDNH DQG XWLOL]DWLRQ RI /0 )H,,, SRO\ R[R
K\GUR[LGH UHTXLUHG LWV GLVSHUVLRQ LQ QDQRSDUWLFXODWH IRUP
)LJXUH & DQG WKH PHFKDQLVP RI DFTXLVLWLRQ DSSHDUHG
GLIIHUHQWWRWKDWRIVROXEOH)H)LJXUHD1H[WZHLQYHVWLJDWHG
HQHUJ\UHTXLUHPHQWVIRU)HXSWDNHE\FRPSDULQJGDWDDW&
ZLWK WKRVHDW ORZ WHPSHUDWXUH LH RQ LFH)HXWLOL]DWLRQ IURP
)H,,,PDOWRODWORZWHPSHUDWXUHZDVGHFUHDVHGE\
 Q  DVH[SHFWHG EXW IURPQDQRSDUWLFXODWH/0)H,,, SRO\
R[RK\GUR[LGHWKHUHGXFWLRQZDVRQO\FDQ 
)LJXUH6$SSDUHQWORZWHPSHUDWXUHXSWDNHRIQDQRSDUWLFOHV
KDVEHHQREVHUYHGEHIRUH >@DQG LVDWWULEXWHG WRSDUWLFOH
DGKHVLRQ WR WKH FHOO PHPEUDQH $GKHUHQW SDUWLFOHV WKDW
ZLWKVWDQG ZDVKLQJ PD\ EH VXEVHTXHQWO\ WDNHQ XS E\ FHOOV
DQG LQ WKLVFDVHXWLOL]HGWR IRUPIHUULWLQSURWHLQ LQGLFDWLQJWKDW
FHOOVUHPDLQHGKHDOWK\XSRQUHLQFXEDWLRQ LQ IUHVKPHGLXPDW
&(OHFWURQPLFURVFRS\ LQGLFDWHGFHOO VXUIDFHDGKHVLRQRI
WKH QDQRSDUWLFOHV DQG DOVR VKRZHG WKDW JHQHUDOO\ WKH FHOO
PHPEUDQH WHQGHG WR LQGXFH ORRVH DJJORPHUDWLRQ RU
DJJUHJDWLRQ RI WKH SDUWLFOHV LQWR FOXVWHUV XS WR  QP LQ
GLDPHWHU)LJXUH$7KXVZHFRQVLGHUHGWKDW)HIURPWKH/0
)H,,, SRO\ R[RK\GUR[LGH QDQRSDUWLFOHV ZDV XWLOL]HG IROORZLQJ
DFTXLVLWLRQ E\ HQGRF\WLF XSWDNH DV WKLV LV VXSHULRU LQ
XQGLIIHUHQWLDWHGYHUVXVGLIIHUHQWLDWHG&DFRFHOOV>@DQGFHOO
VXUIDFH DGKHVLRQ LV D UHTXLUHPHQW SULRU WR XSWDNH ,QGHHG
IXUWKHU HOHFWURQ PLFURVFRS\ ZRUN UHYHDOHG HYLGHQFH RI FHOO
VXUIDFH LQYDJLQDWLRQ )LJXUH % ZLWK UHVSHFW WR WKH VXUIDFH
FOXVWHUV RI /0 )H,,, SRO\ R[RK\GUR[LGH DQG VKRZHG ORRVH
DJJORPHUDWHVRIQP LQGLDPHWHUZLWKLQYHVLFOHV WKDWZH
VXJJHVW DUH HQGRVRPHV RU O\VRVRPHV )LJXUH & ' 7(0
LPDJHV ZHUH DOVR FROOHFWHG IRU FRQWURO &DFR FHOOV LH FHOOV
LQFXEDWHG ZLWK QRQVXSSOHPHQWHG %66 DQG FHOOV LQFXEDWHG
ZLWK%66VXSSOHPHQWHGZLWK WKHVROXEOH)H,,,PDOWROFKHODWH
DQGQRGLVFHUQLEOHSDUWLFXODWH)HZDVREVHUYHG)LJXUH67R
GHWHUPLQH ZKHWKHU QDQRSDUWLFXODWH XSWDNH FRQWULEXWHG WR
FHOOXODU )H XWLOL]DWLRQ RI WKH /0 )H,,, SRO\ R[RK\GUR[LGH ZH
XVHG DQ LQKLELWRU RI FODWKULQPHGLDWHG HQGRF\WRVLV QDPHO\
FKORUSURPD]LQHDWDGRVHRIȝ0FRQVLVWHQWZLWKSUHYLRXV
VWXGLHV >@ :H FRQILUPHG WKDW WKLV VLJQLILFDQWO\ UHGXFHG
S  IHUULWLQSURWHLQ IRUPDWLRQ LQ WKH FHOOV H[SRVHG WR /0
)H,,, SRO\ R[RK\GUR[LGH )LJXUH ( ZLWKRXW VLJQLILFDQWO\
DIIHFWLQJ PRQROD\HU LQWHJULW\ )LJXUH ) ZKLOVW QR GLIIHUHQFH
ZDV REVHUYHG IRU VROXEOH LURQ XSWDNH )LJXUH ( ) )XUWKHU
HQGRF\WLFLQKLELWLRQVWXGLHVZLWK.GHSOHWLRQILOLSLQDQGPHWK\O
ȕF\FORGH[WULQ VXJJHVWHG WKH VDPH SLFWXUH QDPHO\ WKDW )H
XWLOL]DWLRQ DSSHDUHG UHGXFHG DOEHLW VR RQO\ IRU /0 )H,,, SRO\
R[RK\GUR[LGH H[SRVXUH DQG QRW IRU VROXEOH )H )LJXUH '
,QWHUHVWLQJO\ ILOLSLQ DQGPHWK\OȕF\FORGH[WULQ LQKLELW FDYHRODH
UHODWHGUDWKHUWKDQFODWKULQPHGLDWHGHQGRF\WRVLVVRFRQVLVWHQW
ZLWK SUHYLRXV QDQRSDUWLFXODWH XSWDNH ZRUN WKHUH HLWKHU
DSSHDUV WR EH D GHJUHH RI UHGXQGDQF\RYHUODS EHWZHHQ WKH
XSWDNHSDWKZD\V >@RUSUHFLVHXSWDNHPD\EHUHODWHG WR WKH
VL]H UDQJH RI WKH QDQRSDUWLFXODWH FOXVWHUV IRUPHG RQ WKH FHOO
PHPEUDQH >±@ $OO FHOO PRQROD\HUV DSSHDUHG KHDOWK\
XQGHU WKHPLFURVFRSHDQGDOVRZLWKRXWVLJQLILFDQWFKDQJHV LQ
7((5PHDVXUHPHQWVXQGHUWKHDVVD\FRQGLWLRQVXVHGZLWK.
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IUHH%66DQGPHWK\OȕF\FORGH[WULQ )LJXUH)DOWKRXJKQR
7((5DVVHVVPHQWZDVPDGHZLWKILOLSLQ
/\VRVRPDOGLVVROXWLRQRIOLJDQGPRGLILHG)H,,,SRO\
R[RK\GUR[LGHQDQRSDUWLFOHVHQDEOHVFHOOXODUXWLOL]DWLRQ
RILURQ
2YHUDOO GLUHFW HQGRF\WRVLV RI /0 )H,,, SRO\ R[RK\GUR[LGH
QDQRSDUWLFOHVE\GLIIHUHQWLDWHG&DFRFHOOVDSSHDUVFKLHIO\WR
H[SODLQXSWDNHRI)HXQGHUWKHVHFRQGLWLRQV+RZHYHUWKLV)H
VWLOO QHHGV WR EH UHOHDVHG IRU FHOOXODU XWLOL]DWLRQ LH IHUULWLQ
SURWHLQV\QWKHVLVLQWKHFXUUHQWFHOODVVD\DQGWKHUHZRXOGEH
LQVXIILFLHQW LQWUDFHOOXODU O\VRVRPDO DFLGLILFDWLRQ IRU WKLV DORQH
WR GULYH WKH UHOHDVH DQG F\WRVROLF LURQ WUDQVLW 6NRWODQG HW DO
>@GHYHORSHGDVLPSOLILHGHQGRVRPDOO\VRVRPDOVROXWLRQ WKDW
LQFOXGHGP0FLWUDWHDQGWKLVFKHODWRUPLJKWZKHQDLGHGE\
HQGRVRPDOO\VRVRPDODFLGLILFDWLRQHQDEOH WKHEUHDNGRZQDQG
UHOHDVH RI )H IURP WKHVH ILQH OLJDQGGHVWDELOL]HG IHUULK\GULWH
OLNH SDUWLFOHV :H VKRZHG WKDW XQGHU WKHVH VLPSOLILHG
HQGRVRPDOO\VRVRPDOFRQGLWLRQVVROXEOH)HFRXOGEHUHOHDVHG
)LJXUH&KDUDFWHULVDWLRQRIK\GURO\VHG)H,,,ZLWKVLPXODWHGGLJHVWLRQDQGRIDTXDWHG/0)H,,,SRO\R[RK\GUR[LGH$
7UDQVPLVVLRQ (OHFWURQ 0LFURVFRS\ 7(0 LPDJHV FROOHFWHG IURP D GURS RI VXVSHQVLRQ DIWHU VLPXODWHG GLJHVWLRQ RI  P0 )H,,,
FKORULGH LQ WKH SUHVHQFH RI  J/ PXFLQ DQG ORZ PROHFXODU ZHLJKW OLJDQGV 7KH ER[HG UHJLRQV DUH VKRZQ PDJQLILHG EHORZ DQG
KLJKOLJKWWKHSUHVHQFHRIILQHSRRUO\FU\VWDOOLQHQDQRSDUWLFOHVGLVSHUVHGLQDQDPRUSKRXVJHO&U\VWDOOLQLW\LVLQGLFDWHGE\WKHVSRWV
LQWKHLQVHWGLIIUDFWRJUDPVIDVW)RXULHUWUDQVIRUPVLQWKHER[HGUHJLRQVDQGODWWLFHVSDFLQJVDUHGLVFXVVHGLQWKHPDLQWH[W6FDOH
EDUUHSUHVHQWVQP%:KROHDUHD(';DQDO\VLVRIDSDUWLFOHDJJORPHUDWHVLPLODUWRWKRVHLQ µ$¶VKRZVHOHPHQWDOFRPSRVLWLRQV
WKHVSHFLPHQVXSSRUWILOPDQGJULGSURGXFHWKHEDFNJURXQG&DQG&XVLJQDOVUHVSHFWLYHO\&+\GURG\QDPLFVL]HGLVWULEXWLRQRI
QDQRSDUWLFXODWH0/0)H,,,SRO\R[RK\GUR[LGHLQEDODQFHGVDOWVROXWLRQ%66PHDVXUHGE\'\QDPLF/LJKW6FDWWHULQJ'/6
9DOXHVDUHH[SUHVVHGDVPHDQGLDPHWHUVGLQGHSHQGHQWPHDVXUHPHQWVRQDORJVFDOH
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)H0RU)H,,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)H62 $$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
S &HOOVZHUH LQFXEDWHG IRUKZLWKȝ0)HSOXVD IXUWKHUK LQ IUHVKQRQVXSSOHPHQWHG0(0WRDOORZ IRU IHUULWLQ
IRUPDWLRQ % 3KDVH GLVWULEXWLRQ RI )H LQ WKH %66 XSWDNH PHGLXP LH IUDFWLRQDO SHUFHQWDJH RI PLFURSDUWLFXODWH EODFN EDUV
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UHGEDUVDQGVROXEOH)HRSHQEDUVIRUHDFK)HPDWHULDO9DOXHVDUHPHDQVGRILQGHSHQGHQWH[SHULPHQWV
&(IIHFW RI /0)H,,, SRO\ R[RK\GUR[LGHSDUWLFOH GLVSHUVLRQ LQ%66PHGLXP FORVHGEDUV RU DJJORPHUDWLRQ LQ0(0PHGLXP
RSHQEDUVRQIHUULWLQSURWHLQOHYHOVLQGLIIHUHQWLDWHGFHOOVWKH/0)H,,,SRO\R[RK\GUR[LGHZDVGLVSHUVHGLQLWVQDQRIRUP
QDQR XVLQJ %66 RU DJJORPHUDWHG    PLFURSDUWLFXODWH XVLQJ 0(0 'DWD DUH PHDQ RI  LQGHSHQGHQW H[SHULPHQWV HDFK
H[SHULPHQW ZLWK  UHSOLFDWH ZHOOV )H0 VROXEOH LURQ FRQWURO )H,,, PDOWRO  S  IRU WKH FRPSDULVRQ EHWZHHQ %66 DQG
0(0'7((5FKDQJHVLQGLIIHUHQWLDWHG&DFRFHOOPRQROD\HUDWGLIIHUHQWWLPHSRLQWVGXULQJLQFXEDWLRQZLWK%66VXSSOHPHQWHG
ZLWK/0)H,,,SRO\R[RK\GUR[LGHRSHQFLUFOHVRUQRQVXSSOHPHQWHG%66FRQWUROFORVHGLQYHUWHGWULDQJOHV,QFXEDWLRQVZHUHIRU
KZLWKȝ0)HPHDVXUHPHQWVDW	KSOXVDIXUWKHUKLQIUHVKQRQVXSSOHPHQWHG0(0K9DOXHVDUHH[SUHVVHG
DVDSHUFHQWDJHRIWKHLQLWLDOPHDVXUHPHQWDQGDUHVKRZQDVPHDQVGRILQGHSHQGHQWH[SHULPHQWVHDFKH[SHULPHQWZLWK
UHSOLFDWH ZHOOV ([SHULPHQWDO SRLQWV DUH FRQQHFWHG ZLWK D VROLG OLQH WR DLG YLVXDOL]DWLRQ DQG QRW EHFDXVH D OLQHDU UHODWLRQVKLS LV
DVVXPHGEHWZHHQWLPHDQG7((5PHDVXUHPHQW'HWDLOHGPHWKRGRORJ\LVDYDLODEOHLQWKH0HWKRGV6HFWLRQDQGLQ0HWKRGV6
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 & DQG '
DUURZVLQGLFDWH)HDFFXPXODWLRQLQVLGHWKHFHOO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SDQHO&QPDQGSDQHO'QP((IIHFWRIFKHPLFDOLQKLELWRUV
RIHQGRF\WRVLVUHODWHGSDWKZD\VRQ)HXWLOL]DWLRQE\GLIIHUHQWLDWHG&DFRFHOOV'DWDDUHVKRZQDVDSHUFHQWDJHRI WKHFRQWUROV
ZLWKRXWLQKLELWRUDIWHUDKH[SRVXUHWR/0)H,,,SRO\R[RK\GUR[LGHEODFNEDUVRU)H,,,PDOWRORSHQEDUVFRLQFXEDWHGZLWK
HLWKHU FKORUSURPD]LQH &3= SRWDVVLXPIUHH %66 . GHSOHWLRQ ILOLSLQ RU PHWK\OȕF\FORGH[WULQ 0ȕF SOXV  K LQ IUHVK QRQ
VXSSOHPHQWHG0(05HVXOWVDUHPHDQVGRILQGHSHQGHQWH[SHULPHQWVZLWKUHSOLFDWHZHOOVSHUH[SHULPHQWIRUFKORUSURPD]LQH
 S  UHODWLYH WR FRQWURO RU WULSOLFDWH ZHOOV RI WKH VDPH H[SHULPHQW IRU WKH UHPDLQLQJ LQKLELWRUV ) &KDQJH LQ 7((5 LQ WKH
&DFRFHOOPRQROD\HU IROORZLQJDKH[SRVXUHWRFKORUSURPD]LQHFORVHGGLDPRQGV.IUHH%66RSHQWULDQJOHV0ȕFRSHQ
VTXDUHVRUQRQVXSSOHPHQWHG%66FORVHGLQYHUWHGWULDQJOHVDQGZLWKKIXUWKHULQFXEDWLRQLQIUHVK0(0KWRWDO9DOXHVDUH
DSHUFHQWDJHRIWKHLQLWLDOPHDVXUHPHQWKDQGDUHVKRZQDVPHDQVGDVDERYH([SHULPHQWDOSRLQWVDUHFRQQHFWHGZLWKD
VROLG OLQH WRDLG YLVXDOL]DWLRQDQGQRW EHFDXVHD OLQHDU UHODWLRQVKLS LV DVVXPHGEHWZHHQ WLPHDQG7((5PHDVXUHPHQW'HWDLOHG
PHWKRGRORJ\LVDYDLODEOHLQWKH0HWKRGV6HFWLRQDQGLQ0HWKRGV6
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ZLWKLQ KRXUV IURP WKH /0 )H,,, SRO\ R[RK\GUR[LGH
IHUULK\GULWH VWUXFWXUHV DW S+  )LJXUH $ ZKHUHDV LQ WKH
DEVHQFH RI OLJDQG PRGLILFDWLRQ WKH QDWLYH )H,,, SRO\ R[R
K\GUR[LGH ZDV SRRUO\ EURNHQ GRZQ DQG OLWWOH VROXEOH )H ZDV
UHOHDVHG)LJXUH$7KLVµGHVWDELOL]DWLRQ¶UROHRIORZPROHFXODU
ZHLJKWOLJDQGVLQWKHQDQRVWUXFWXUHG)H,,,SRO\R[RK\GUR[LGH
LQGLFDWHV D PRUH OLNHO\ SK\VLRORJLFDO UROH IRU WKHP LQ WKH JXW
OXPHQ UDWKHU WKDQ DV RULJLQDOO\ SURSRVHG >@ DV GRQRUV RI
)H,,,WRPXFLQ1H[WXVLQJFHOOVWXGLHVDQGPRQHQVLQWRLQKLELW
HQGRVRPDOO\VRVRPDO DFLGLILFDWLRQ >@ ZH VKRZHG D
PRQHQVLQGRVHGHSHQGHQW UHGXFWLRQ LH /RJ >PRQHQVLQ@
YHUVXV >IHUULWLQSURWHLQ@ U  S LQ )H XWLOL]DWLRQ E\
GLIIHUHQWLDWHG &DFR FHOOV ZKHQ H[SRVHG WR /0 )H,,, SRO\
R[RK\GUR[LGH)LJXUH%ZLWKVWDWLVWLFDOO\VLJQLILFDQWLQKLELWLRQ
RI IHUULWLQ IRUPDWLRQ DW PRQHQVLQ GRVHV   0 S 
$JDLQ VROXEOH)HZDVXQDIIHFWHG7KHPRQHQVLQGRVHVXVHG
KHUHZHUHHTXLYDOHQW WR WKRVH UHSRUWHGSUHYLRXVO\ LQ LQKLELWLRQ
VWXGLHV RI HQGRVRPDOO\VRVRPDO DFLGLILFDWLRQ LQ &DFR FHOOV
>@RURWKHUFHOO W\SHV >@HYHQ WKRXJKE\KVRPH
GLVUXSWLRQ RI WKH PRQROD\HU ZDV YLVLEOH E\ 7((5
PHDVXUHPHQWV SDUWLFXODUO\ DW WKH KLJKHVW PRQHQVLQ GRVH
)LJXUH&1RQHWKHOHVVWKHPRQROD\HUZDVLQWDFWGXULQJWKH
 KRXU FHOO H[SRVXUH WR )H )LJXUH & DQG ZKHQ H[DPLQHG
PLFURVFRSLFDOO\ WKH FHOO PRQROD\HUV DSSHDUHG LQWHJUDO DQG
KHDOWK\ DW GRVHV RI PRQHQVLQ XS WR  0 ZKLFK VWLOO JUHDWO\
LQKLELWHG IHUULWLQSURWHLQ IRUPDWLRQ )LJXUH % DQG WKHUH ZHUH
VLPLODU SURWHLQ OHYHOV LQ WKH SUHVHQFH DQG DEVHQFH RI WKH
LQKLELWRU)LJXUH6
)LQDOO\ ZH FRQILUPHG WKDW QRQH RI WKH LQKLELWRUV FDXVHG
VLJQLILFDQW DJJORPHUDWLRQ RI WKH QDQRSDUWLFOHV LQ WKH
VXSSOHPHQWHGXSWDNHPHGLXP7DEOH6
2YHUDOO'LVFXVVLRQ
7KH &DFR FHOO OLQH KDV EHHQ H[WHQVLYHO\ XVHG IRU LURQ
XSWDNHVWXGLHV>±@DVIROORZLQJFRQIOXHQFHLWGLIIHUHQWLDWHV
LQWRDSRODULVHGFHOOPRQROD\HUWKDWH[KLELWVDSKHQRW\SHVLPLODU
WRKXPDQVPDOOLQWHVWLQDOHQWHURF\WHV>@
2XU GDWD VXJJHVW WKDW DQ HQGRF\WLF DSLFDO XSWDNH
PHFKDQLVP H[LVWV LQ WKHVH GLIIHUHQWLDWHG &DFR FHOOV IRU
XSWDNH RI OXPLQDOO\ K\GURO\VHG SRO\ R[RK\GUR[LGH GLHWDU\
)H,,, 7KLV URXWH DSSDUHQWO\ UHOLHV RQ HQGRF\WLF XSWDNH RI
VPDOO FOXVWHUV RI /0 )H,,, SRO\ R[RK\GUR[LGH QDQRSDUWLFOHV
ZKLFKDJJORPHUDWHDWWKHFHOOPHPEUDQH0DQ\FHOOXODUVWXGLHV
RQQDQRSDUWLFXODWHXSWDNHDQGSURFHVVLQJDUHFKDOOHQJHGZLWK
LVVXHVRIDJJORPHUDWLRQDQGDJJUHJDWLRQPHDQLQJWKDWILQDOO\
FHOOV DUH H[SRVHG WR PLFURQVL]HG FOXVWHUV ZKLFK ZLOO EH
DFTXLUHG DQG SURFHVVHG GLIIHUHQWO\ FRPSDUHG WR JHQXLQHO\
GLVSHUVHQDQRVWUXFWXUHV>@7KXVZHSDLGFRQVLGHUDEOH
DWWHQWLRQ WR GHYHORSLQJ D FHOO FXOWXUH PHGLXP WKDW PLWLJDWHG
DJDLQVWVXFKSLWIDOOVDQGUHWDLQHGDSSURSULDWHGLVSHUVLRQRIWKH
SDUWLFOHV SULRU WR FHOO GHOLYHU\ >@ 7KH ILQGLQJ WKDW WKHVH ILQH
/0 )H,,, SRO\ R[RK\GUR[LGH QDQRSDUWLFOHV WKHQ WHQG WR
DJJORPHUDWH DW WKH FHOO PHPEUDQH PXVW EH LQWHUSUHWHG ZLWK
FDXWLRQ,WFRXOGEHWKDWWKHSURFHVVLQJUHTXLUHGWRSURGXFHWKLQ
VHFWLRQV IRUHOHFWURQPLFURVFRS\ LQGXFHGFOXVWHULQJ+RZHYHU
VPDOO DJJORPHUDWHV RI QDQRSDUWLFOHV ZHUH REVHUYHG LQ
HQGRVRPDOO\VRVRPDOFRPSDUWPHQWVZLWKLQWKHFHOODQGVRWKH
)LJXUH   /\VRVRVPDO GLVVROXWLRQ RI /0 )H,,, SRO\ R[R
K\GUR[LGH $6ROXELOLW\ LQVLPXODWHG O\VRVRPDOFRQGLWLRQVDW
S+ZLWKP0FLWULFDFLGDQG01D&O6ROXEOH)HZDV
PHDVXUHGE\ ,&32(6 IROORZLQJPLQXOWUDILOWUDWLRQ 'D
0:&2 IRU WKH /0 )H,,, SRO\ R[RK\GUR[LGH EODFN DQG IRU
XQPRGLILHG )H,,, SRO\ R[RK\GUR[LGH VROLG EOXH
1DQRSDUWLFXODWH )H ZDV REWDLQHG IURP WKH )H LQ WKH
VXSHUQDWDQW IROORZLQJ FHQWULIXJDWLRQ H[FOXGLQJ WKH VROXEOH
XOWUDILOWHUDEOH )H DQG LV VKRZQ IRU /0 )H,,, SRO\ R[R
K\GUR[LGH UHGDQG IRUXQPRGLILHG)H,,,SRO\R[RK\GUR[LGH
GRWWHG EOXH 9DOXHV DUH SORWWHG DV PHDQ  VG RI 
LQGHSHQGHQW H[SHULPHQWV HDFKH[SHULPHQWZLWK UHSOLFDWHV
%(IIHFWRILQKLELWLRQRIO\VRVRPDODFLGLILFDWLRQXVLQJPRQHQVLQ
RQ)HXWLOL]DWLRQE\GLIIHUHQWLDWHG&DFRFHOOV'DWDDUHVKRZQ
DVDSHUFHQWDJHRIWKHFRQWUROZLWKRXWPRQHQVLQDWKLH
K H[SRVXUH WR  0 QDQRSDUWLFXODWH /0 )H,,, SRO\ R[R
K\GUR[LGH RSHQ FLUFOHV RU )H,,, PDOWRO FORVHG VTXDUHV 
 0 PRQHQVLQ IROORZHG E\  K LQ QRQVXSSOHPHQWHG
0(05HVXOWVDUHPHDQVVGRILQGHSHQGHQWH[SHULPHQWV
HDFK H[SHULPHQW ZLWK  UHSOLFDWH ZHOOV  S 
S LQ UHODWLRQ WR WKHVROXEOH)HFRQWURO )H,,,PDOWRO&
&KDQJH LQ 7((5 LQ WKH &DFR FHOO PRQROD\HU IROORZLQJ  K
H[SRVXUH WR  ȝ0 PRQHQVLQ FORVHG VTXDUHV  ȝ0
PRQHQVLQ RSHQGLDPRQGVRUQRQVXSSOHPHQWHG%66FRQWURO
FORVHG LQYHUWHG WULDQJOHV DQG ZLWK  K IXUWKHU LQFXEDWLRQ LQ
IUHVK 0(0  K LQ WRWDO 9DOXHV DUH H[SUHVVHG DV D
SHUFHQWDJH RI WKH LQLWLDO PHDVXUHPHQW DW WKH VWDUW RI WKH
H[SRVXUHWLPHFRUUHVSRQGLQJWRKDQGDUHVKRZQDVPHDQ
 VG RI  LQGHSHQGHQW H[SHULPHQWV HDFK H[SHULPHQW ZLWK 
UHSOLFDWHZHOOV([SHULPHQWDOSRLQWVDUHFRQQHFWHGZLWKDVROLG
OLQHWRDLGYLVXDOL]DWLRQDQGQRWEHFDXVHDOLQHDUUHODWLRQVKLSLV
DVVXPHG EHWZHHQ WLPH DQG 7((5 PHDVXUHPHQW 
S   S LQ UHODWLRQ WR WKH QRQVXSSOHPHQWHG
%66FRQWURO
GRLMRXUQDOSRQHJ
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SDUWLFOHVPXVWKDYHEHHQWDNHQXSHLWKHUDVLQGLYLGXDOSDUWLFOHV
RU FOXVWHUV 0RUHRYHU DQG LPSRUWDQWO\ ZH REVHUYHG ORRVH
FOXVWHUVDOPRVWDOZD\VVPDOOHUWKDQQPGLDPHWHUDQGLW LV
DW DURXQG WKLV VL]H WKDW XSWDNH PHFKDQLVPV PD\ VZLWFK
EHWZHHQ FODVVLFDO HQGRF\WRVLV DQG PDFURSLQRF\WRVLV >@
7KHUH DSSHDUV WR EH QR PHFKDQLVP RI PDFURSLQRF\WRVLV LQ
LQWHVWLQDOHQWHURF\WHVLQFOXGLQJGLIIHUHQWLDWHG&DFRFHOOVDQG
SKDJRF\WRVLV KDV EHHQ UDUHO\ GHPRQVWUDWHG >@ 7KH
LQKLELWRUVXVHGKHUHZHUHFODVVLFDOHQGRF\WLFLQKLELWRUVDQGRXU
ILQGLQJV VXJJHVW HQGRF\WRVLV RI LQGLYLGXDO SDUWLFOHV RU
PHPEUDQHLQGXFHG VPDOO FOXVWHUV :H DFFHSW WKDW WKH
VSHFLILFLW\RI.GHSOHWLRQWRFODWKULQPHGLDWHGHQGRF\WRVLVDQG
PHWK\OȕF\FORGH[WULQ WR FDYHROLQGHSHQGHQW HQGRF\WRVLV LQ
+X7X FHOOV KDV EHHQ SUHYLRXVO\ TXHVWLRQHG >@ +RZHYHU
FKORUSURPD]LQH KDV EHHQ FRQVLVWHQWO\ VKRZQ WR EH KLJKO\
VSHFLILF IRU FODWKULQPHGLDWHG HQGRF\WRVLV LQ ERWK +X7X DQG
&DFR FHOOV SURYLGLQJ FRPSDUDEOH LQKLELWLRQ UDWHV WR VL51$
DSSURDFKHV >@ )LOLSLQ DOVR DSSHDUV VSHFLILF WR FDYHROLQ
GHSHQGHQWHQGRF\WRVLV>@1RQHWKHOHVVZHGRQRWKHUH
VXJJHVWGRPLQDQFHRIRQHVSHFLILFIRUPRIHQGRF\WRVLVIRUWKH
XSWDNH RI /0 )H,,, SRO\ R[RK\GUR[LGH QDQRSDUWLFOHV DV
IXUWKHUZRUNPD\EHUHTXLUHGWRFRQFOXGHRQWKLV
2XU REVHUYDWLRQV RQ )H XWLOL]DWLRQ E\ &DFR FHOOV WKURXJK
HQGRF\WLFXSWDNHDQG O\VRVRPDOGLVVROXWLRQRIQDQRSDUWLFXODWH
/0 )H,,, SRO\ R[RK\GUR[LGH DUH VWLOO FRQVLVWHQW ZLWK WKH
HVWDEOLVKHGIDFWWKDW'07LVLQGLVSHQVDEOHIRUPDPPDOLDQ)H
DEVRUSWLRQ DQG WKHUHIRUH VXUYLYDO >@ '07 DV ZHOO DV
EHLQJ WKH HQWHURF\WH )H,, DSLFDO WUDQVSRUWHU LV SUREDEO\ DOVR
WKHH[SRUWWUDQVSRUWHURIWKHO\VRVRPDOPHPEUDQH>±@LH
WKH SRLQW IURP ZKHUH HQGRF\WRVHG DQG WKHQ VROXELOL]HG
QDQRSDUWLFXODWH )H ZRXOG MRLQ WKH FRPPRQ )H SRRO 7KH
HOHJDQW VWXG\ RI *XQVKLQ HW DO >@ XWLOL]LQJ DQ LQWHVWLQDO
VSHFLILF'07NQRFNRXWPRGHOWHUPHG6OFDLQWLQWZKLFKLVD
FURVV RI 6OFDIOR[IOR[ PLFH ZLWK PLFH FDUU\LQJ D 9LOOLQ&UH
WUDQVJHQHSURYHGHVVHQWLDOLW\RI WKLV WUDQVSRUWHU IRU LQWHVWLQDO
QRQKDHP LURQ DEVRUSWLRQ DIWHU ELUWK >@ +RZHYHU WKH
6OFDLQWLQW PRGHO KDV '07 NQRFNHGRXW LQ WKH HQWLUH
HQWHURF\WHDQGQRWVROHO\ IURPWKHDSLFDOPHPEUDQH>@DQG
WKHUHIRUH WKLV VWXG\ GLG QRW HOLPLQDWH '07 IXQFWLRQDOLW\ LQ
ERWK DSLFDO XSWDNH DQG F\WRVROLF SURFHVVLQJ RI LQWUDFHOOXODU
LURQ$ IXUWKHU SRLQW LV WKDW ODERUDWRU\ URGHQW GLHWV SRRUO\
UHSUHVHQW WKHKXPDQGLHW ,QYDULDEO\ WKH ODERUDWRU\GLHW LV ULFK
LQ ILEURXV FDUERK\GUDWH WKDW LV SRRUO\ GLJHVWLEOH LQ WKH XSSHU
JDVWURLQWHVWLQDO WUDFW DQG ZLOO ELQG )H,,, WKHUHE\ SUHYHQWLQJ
PXFRVDO DFFHVV 7KXV )H,, VXOSKDWH LV FRPPRQO\
VXSSOHPHQWHG LQWR URGHQW ODERUDWRU\ FKRZ DV IRU H[DPSOH LQ
WKH 50+  /DE'LHW 30, 1XWULWLRQ ,QWHUQDWLRQDO XVHG E\
*XQVKLQHWDOLQWKHVWXG\UHIHUUHGWRDERYH>@,QWKLVFDVH
WKHHVVHQWLDOLW\RIDQ)H,,WUDQVSRUWHUZRXOGEHIDYRXUHG
)XWXUH LQ YLYR URGHQW H[SHULPHQWV FRXOG XVH D GLHW
UHSUHVHQWLQJ WKH PRUH YDULHG KXPDQ GLHW IRU QRQKHPH )H
HJPL[HG)H,,)H,,,VDOWVWKDWXQGHUJRJDVWULFGLVVROXWLRQ
SOXV IHUULWLQSURWHLQ DQG WKHQ HVWDEOLVK LQ WKH 6OFDLQWLQW
PRXVH ZKHWKHU RU QRW WKHUH LV HQWHURF\WH O\VRVRPDO
DFFXPXODWLRQ RI )H LH LQLWLDO DSLFDO XSWDNH GXH WR D QRQ
'07SDWKZD\IRUWKHK\GURO\VHG)H,,,DQGSRVVLEO\IHUULWLQ
SURWHLQ IUDFWLRQV EXW DFFXPXODWLRQ GXH WR H[SRUW IDLOXUH ZLWK
ODFNRIO\VRVRPDO'076XFKDGLHWIHGWR6OFDLQWLQWPLFH
ZLOOGHOLQHDWHWKHHVVHQWLDOUROHRI'07IRUDSLFDOLURQXSWDNH
YHUVXV O\VRVRPDO LURQ HIIOX[ ,QGHHG .DOJDRQNDU DQG
/RQQHUGDO >@ KDYH VSHFXODWHG WKDW GLHWDU\ IHUULWLQ )H ZKLFK
FRQWDLQV VXEXQLWV RI IHUULK\GULWH VLPLODU LQ VWUXFWXUH WR WKH /0
)H,,,SRO\R[RK\GUR[LGHQDQRSDUWLFOHVXVHGKHUHLQ>@PD\
QRWDOOEHGLVVROYHGXQGHUSRVWSUDQGLDOJDVWULFFRQGLWLRQVDQG
FRXOG EH DEVRUEHG ZKROH E\ GXRGHQDO HQWHURF\WHV DQG
VXEVHTXHQWO\ EURNHQ GRZQ LQWUDO\VRVRPDOO\ 0RUHRYHU
HOVHZKHUHLQPDPPDOLDQ)HSK\VLRORJ\WKHO\VRVRPHLVDVDIH
UHVHUYRLU IRU FDWDEROLVP RI )HULFK VSHFLHV ZKHWKHU LW EH
IHUULWLQSURWHLQ UHG EORRG FHOOV RU WUDQVIHUULQ WXUQRYHU >@
)UHH )H LV SRWHQWLDOO\ UHGR[ DFWLYH DQG WKXV WR[LF WR FHOOV 6R
WKH FRQFHSW WKDW FHOOV OLQLQJ WKH JXW DUH SURWHFWHG IURP UHGR[
GDPDJH )H,,, ļ )H,,  H GXH WR OXPLQDO QDQRSDUWLFXODWH
/0)H,,,SRO\R[RK\GUR[LGHIRUPDWLRQZKLFKLVRQO\DYDLODEOH
IRU EUHDNGRZQ LQ WKH VDIHVW FRPSDUWPHQW RI WKH FHOO LH WKH
HQGRVRPHO\VRVRPH LV FRQVLVWHQW ZLWK RWKHU DVSHFWV RI )H
PHWDEROLVP)LQDOO\RISDUWLFXODUQRWH LVDSDSHUE\7KHLODQG
FROOHDJXHV >@ SXEOLVKHG GXULQJ SUHSDUDWLRQ RI WKLV
PDQXVFULSWZKHUH WKH\VKRZWKDW WKH)HGHULYHG IURPGLHWDU\
IHUULWLQSURWHLQ LH SURWHLQHQFDSVXODWHG IHUULK\GULWHOLNH
QDQRVWUXFWXUHV LV DEVRUEHG GLIIHUHQWO\ LQ UDWV DQG KXPDQV WR
WKDWRI'07GHSHQGHQW)H,,0RUHRYHUWKHLUILQGLQJVLQYRNH
DQ HSLWKHOLDO HQGRF\WLF SURFHVV ZKLFK ZH EHOLHYH ZH GHWDLO
KHUHLHWKHIUDFWLRQRIGLHWDU\LURQGHULYHGIURPIHUULWLQSURWHLQ
LQJHVWLRQFRXOGORVHLWVSURWHLQVKHOOEXWPDLQWDLQLWVIHUULK\GULWH
OLNH VWUXFWXUH IROORZLQJ JDVWURLQWHVWLQDO GLJHVWLRQ DQG µULGH¶ WKH
HQGRF\WLFPHFKDQLVPVWKDWH[LVWVIRUHQGRJHQRXVO\IRUPHG/0
)H,,,SRO\R[RK\GUR[LGH8OWLPDWHO\ WKH WZR IRUPVPD\ ORRN
YHU\ VLPLODU EHLQJ  QP GLDPHWHU GHVWDELOL]HG IHUULK\GULWH
>@DQGWKXVUHDGLO\VROXELOL]HGE\WKHHQWHURF\WHHQGRVRPH
O\VRVRPH
2XU SUHOLPLQDU\ GDWD LQ GXRGHQDO HSLWKHOLDO FHOOV +X7X
FHOO OLQH XVLQJ VL51$ WDUJHWLQJ '07 IXUWKHU VXSSRUWV D
SDWKZD\ LQGHSHQGHQW RI '07 DQG 'F\W % IRU WKH LQWHVWLQDO
XSWDNHRI/0)H,,,SRO\R[RK\GUR[LGHDQGWKXVQRWLQYROYLQJ
UHGXFWLRQRI)H,,,WR)H,,)LJXUH6
:H KDYH GHPRQVWUDWHG WKH H[LVWHQFH RI D QDQRSDUWLFXODWH
IHUULK\GULWHOLNHSKDVHLQDPRGHORIOXPLQDOO\K\GURO\VHG)H,,,
DQG XVLQJ D V\QWKHWLF QDQRSDUWLFXODWH OLJDQGPRGLILHG
IHUULK\GULWHDVDQDQDORJXHZHKDYHVKRZQWKHH[LVWHQFHRIDQ
HQGRF\WLF SDWKZD\ RI )H XSWDNH E\ &DFR FHOOV D JXW
HSLWKHOLDO FHOO PRGHO IROORZHG E\ O\VRVRPDO GLVVROXWLRQ RI
QDQRSDUWLFXODWH /0 )H,,, SRO\ R[RK\GUR[LGH ZKLFK LV
FRQVLVWHQWZLWKLQYLYRREVHUYDWLRQVHOVHZKHUH>@
7KHVHLQYLWURPHFKDQLVWLFILQGLQJVQRZQHHGWREHUHSOLFDWHG
E\LQYLYRGDWDIRUSK\VLRORJLFDOUHOHYDQFHDQGLWLVQRWHZRUWK\
WKDW ZKHQ VXSSOHPHQWHG LQWR WKH GLHW RI LURQ GHILFLHQW UDWV
WKHVH /0 )H,,, SRO\ R[RK\GUR[LGH VWUXFWXUHV LPSURYHG
KDHPRJORELQOHYHOVLQOLQHZLWK)H,,VXOSKDWHVXSSOHPHQWDWLRQ
>3HUHLUD/DWXQGH'DGDDQG3RZHOOXQSXEOLVKHGREVHUYDWLRQV@
6XSSRUWLQJ,QIRUPDWLRQ
0HWKRGV6'2&;
7DEOH6,URQVROLGSKDVHGLVWULEXWLRQRI0)HDV/0
)H,,, SRO\ R[RK\GUR[LGH QDQR )H DQG )H,,, PDOWRO
'LHWDU\,URQ,,,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)H0FRLQFXEDWHGZLWKGLIIHUHQWFKHPLFDOLQKLELWRUVLQWKH
%66XSWDNHPHGLXP
'2&;
)LJXUH 6  &DFR FHOO JURZWK DQG GLIIHUHQWLDWLRQ
SDUDPHWHUVLQPRQROD\HUVJURZQIRUGD\V$FHOOSURWHLQ
RSHQ FLUFOHV DQG WUDQVHSLWKHOLDO HOHFWULFDO UHVLVWDQFH 7((5
FORVHG VTXDUHV 'DWD VKRZQ DUH PHDQ  VG RI Q 
LQGHSHQGHQW H[SHULPHQWV HDFK H[SHULPHQW ZLWK  UHSOLFDWH
ZHOOV%DONDOLQHSKRVSKDWDVHDFWLYLW\FORVHGWULDQJOHV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